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Single Laboratory Validation and Uncertainty Estimation of a HPLC Analysis
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ABSTRACT - An isocratic high performance liquid chromatography (HPLC) method for routine analysis of
deoxynivalenol in noodles was validated and estimated the measurement uncertainty. Noodles (dried noodle and
ramyeon) were analyzed by HPLC-ultraviolet detection using immunoaffinity column for clean-up. The limits of
detection (LOD) and quantification (LOQ) were 7.5 ug/kg and 18.8 pg/kg, respectively. The calibration curve showed
a good linearity, with correlation coefficients #* of 0.9999 in the concentration range from 20 to 500 pg/kg. Recoveries
and Repeatabilities expressed as coefficients of variation (CV) spiked with 200 and 500 pg/kg were 82 + 2.7% and
87 £ 1.3% in dried noodle, and 97 + 1.6% and 91 + 12.0% in ramyeon, respectively. The uncertainty sources in mea-
surement process were identified as sample weight, final volume, and sample concentration in extraction volume as
well as components such as standard stock solution, working standard solution, 5 standard solutions, calibration curve,
matrix, and instrument. Deoxynivalenol concentration and expanded uncertainty in two matrixes spiked with 200 pg/
kg and 500 ug/kg were estimated to be 163.8 + 52.1 and 435.2 + 91.6 pg/kg for dried noodle, and 194.3 + 33.0 and
453.2 + 91.1 ug/kg for ramyeon using a coverage factor of two which gives a level of statistical confidence with
approximately 95%. The most influential component among uncertainty sources was the recovery of matrix, followed

by calibration curve.
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leA L Ee EEEES SigmatH(St. Louis, MO, USA)
oA, acetonitrile, methanol, n-hexane™ water= Burdick &
Jackson(Muskegon, MI, USAY A 438141t} Immuno-
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reverse phase Synergi Hydro RP (250 mm x 4.6 mm, 4 pm)
E o] 8319 QELEE 40°CE AASAY. o FgS
acetonitrile/water 17/83(v/v) TN e|H L F<-2 1 mL/min,
AZ7]% JASCO UV-975 detectors ©]&3Fe] 220 nm I}
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HARFELY 200 ugmle ZAHF 2Hd 2000 20 L,
50 uLE H7kste dsAVdeElE Q9% =7 242t 200 ug/
kgt 500 pghkeol H=% Heste] 63 whE ZH a0t

28 AN 8%
AFAE Asld AR T UsAtdE g3FE 7
3171 918 A2 ()3 o] ATt

N Ve Vy
Cs—Cex\—’V—sxu\-]—2 1)
W,=W,_x Wy X W )]
C,=Ppes XFp s xSTD X Le X I, xRy, 3)

C,: Concentration of sample (ug/kg)

C,: Concentration of sample in extraction solution (ng/mL)

V, :Final volume of sample (mL)

W,: Weight of sample (g)

Wt Resolution of weight of sample

Wy,: Repeatability of sample weight

W, Calibration of sample weight

Pgea: Purity of deoxynivalenol

Fya: Formula weight of deoxynivalenol

STD: Standard stock solution

STD.0,100.200,500.1000 : Standard 20 ng/mL solution, 100 ng/mL
solution, 200 ng/mL solution, 500 ng/mL solution, 1000 ng/
mL solution

Lc : Linearity of calibration curve

Iy : Reproducibility of instrument

Ry, : Recovery of matrix
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7.5 ug/kgat 18.8 pg/kgel 3, Kaiserd 2 A4 Axp=
232} 9.6 ug/kegt 17.4 pg/kgelArt. 20 ng/mLollAl 1000 ng/
mLEE HHZ 5exe FFELAE FAFAE J4T 2
I 71€71E 19.2227°19% y WL -3.1010010.9 A
FAF FAE)E 0.9999010tH(Table 1). HlLA S EL

Table 1, Limits of detection and quantification and regression
curve data

Signal to noise ratio Kaiser equation

Parameter method method
Detection limit (pug/kg) 7.5Y 9.6 (k=3)
Quantification limit (ug/kg) 18.82 174 (k=6)
Regression curve y=19.2227 x -3.1010
Correlation coefficient () 0.9999
DSignal-to-noise ratio of 3
ISignal-to-noise ratio of 10
- Deoxynivalenol ST
..: 4 Pried noodle
AN
- Ramyeon

Fig. 1. Chromatogram of standard and samples spiked with 500
ug/kg for deoxynivalenol.
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Table 2. Recoveries of deoxynivalenol in dried noodle and ramyeon S gi HIAA AANEFYT 2 3 _7,], 348y
Parameter Dried noodle Ramyeon Az} gro] R5% =kEg uksk AE
200 500 200 500
159.19 434.14 192.32 429.11 NZo BA £=xA| Bus
164.49 430,52 190.07 435.79 HSA V=] T @ole
liiz/ﬁga 164.17  445.64 19858 42674 Bo X A ste BE8T 29lo] 3
171.86 431.30 195.34 433.77 A FAolM dsle EEE
160.03 431.04 192.71 564.07 B 2 o B8 g s
163.26 438.67 196.62 42930 A= wAHAAA A B
Statistics 59 E3x g<lo] lﬁﬂﬂ‘jiﬁ‘r(Table 3). B AHA el
Mean (ugkg) 163.83 43522 19427  453.17 EFE=E 95% AFF(k=2)014 0.00027 go| A== ﬁ
RSDY (%) 27 1.3 1.6 12.0 T2 (U, cnificnss
Recovery % &7 97 o1 B 24T o dske Edae
(%) 20g9] 5
D Relative standard deviation s 2

‘3} Aol 200 pg/kgst 500 ug/k
82%} 8T%RL %k

0.000289 g°] At} A-&-<

ox Bl

g2 Akstel g 3%
AYEZE G 2.7%

REESEY e Ala2
EFZE = (W) W,)E 0.000017 g0 Ak,

A EEEE

x—ﬂ 110

Hnw-—

A5 FAE A=
g0l gt Age)
£ Ag Ao B

& Stk A% 2R
s, Ao AT 2ol

A

(u(WC))t 0.000135 g7} Atk FAE H
= A8 FA SH%%}%
< 1%3 590 AA 53] vHE At A
2 (5% (605 AHEst] Ao BFEIZ(U, ity
w(Wy)) 0.000110 g& FotATh =3 AL &35
ALGAHE7|2 BN A2rlEaRS Fig. 13} 2t} 0.001 golglem w3l 5ol thet T
A" G ZFEHL 200 ugkgd 500 pg/kgS 2
H7tete sagS 63 wHE 243 A= Table 2*} k4

E( resolution® (u(WRs))
SeW)e 4
2 0.000497 gol ™,

o} 1.3%Ath 2ol 200 pgked 500 pgkge A 7hahed BEEE 592X 895
A2 FFEL 97% 91%I 3 Bazke] AEZAR} 3t BAFELN 2AHY ] BoeE FFE £y B
= 16%% 12.0%3 . FEATAME dsAUgEE £ & ARz AHEEE 939 ale] ¥ 8%
e *H'JJ F83} 318471% (RSD) FF&2 100 ug/ 9 EEUpgy)oll T 2H=E 23} i AE-<]
kg < I < 500 pg/kgdll A& 20% ©13k9t 60~110% Ao HSAYLE S = gigh dFe] HegiA
02, >500 ugkgolME 20% TREO.Z 70 - 120% #49_ POV E BFEIHE(U(Py,))ot FTHAYETZHE Py,
B AR, & d7eME Z1Fe wet AEFFEE P 00tk 9, RFF BARE 29630103 BA
Table 3. Uncertainty budget for the concentration determination of two matrices spiked with 200 pg/kg
Uncertainty
Factors Description -
Dried noodle Ramyeon
Weight of sample U, weight = V(U calibration®+ U resolution?+ U repeatability®) / 0.000017 0.000017
sample weight
Final volume (1 mL) U, = U, pipette 1 mL / value (=1 mL) 0.004000 0.004000
Stock solution (200 pg/mL) U, stock solution = V(U, purity?+ U, weight*+ U, pipet®) 0.000644 0.000644
Working solution (10 ug/mL) U, 10 pg/mL = (U, stock’*+ U, 0.2 mL>+ U, 3.8 mL?) 0.020026 0.020026
STD 1 1 ug/mL U.1 pg/mL = N(U, 10 pg/mL>+ U, 04mL*+ U, 3.6 mL?) 0.022399 0.022399
STD 2 0.5 pg/mL U,0.5 ug/mL =Y(U, 1 pg/mL?+ U, 2 mL*+ U, 2 mL?) 0.022499 0.022499
STD 3 0.2 pg/mL U.0.2 pg/mL =N(U, 0.5 ug/mL>+ U, 1.6 mL?+ U, 2.4 mL?) 0.022612 0.022612
STD 4 0.1 pg/mL U.0.1 ug/mL =V(U, 0.2 ug/mL*+ U, 1.6 mL*+ U, 2.4 mL?) 0.022711 0.022711
STD 5 0.02 ug/mL U,0.02 ug/mL = V(U 0.1 ug/mL*+ U, 0.8 mL*+ U, 3.2 mL?) 0.023274 0.023274
U, = U,/ sample value
Calibration curve U, was involved with slope, interce.pt, number of measurend, 0.076598 0.062375
absorbance of standard, concentration of standard, and mean error
of standard concentration
Repeatability of matrix U, RM = Y(U, repeatability’+ U, recovery?) 0.128192 0.018320
Instrument U, reproducibitiy = V(SDN6)? 0.000004 0.000004

u rEE A B
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F24& C H,00lth TUPACIA 2XE C, H, 094
7hel B8 10.008, +0.00007, £0.0003201932, &
ZEIEE AAAY BEXE 7PP o] V3o yrd
0.00046 g/mol, 0.00004 g/mol, 0.00017 g/mol°] o™, 7]
o) YANE ZHzt F3PA 0.069282, 0.000808, 0.001039 g/
molA T} YAt NI} FARFEREUF)E AFTY
AF2OE AL 0.06929501U0 T ANGHRFETE
(U(Fep) Frep)e 0.000234 g/molo] 31T},

EELN Hxapye 28U

HARZFEA(STD)E EFEZ 1 mgol acetonitrile 5mL
< o] 200 ugmL RO = A X3} o] A TF
He ZF vola2 935 mL)e] B3N o] =g
Z} Bylo] HiE 24 B¥E, REEY BXF BE¥xE
FEfste] RARF LA EFTE &SI tH(Table 3).
S5mL wlo]laZ 039 23944 EFEE= 0.006 mLol S
I EFEEEE XA k=2095% AF5FEE U
0.003 mL, ANEEESEE 0.0006 mLolAct T3] A
NEFESE, ATEY FAF E8=9 74 S84 &
gx9 AFEY AF2 BRAEE LYY FAHANHES
E3EE 0.00060] At

STDy= EH#HAFEN 02mLS FH3IL acetonitrile 3.8
mLE 3435t A STD, 9 EEE g9l B2
xFgdel B35t 02 mLy} 3.8 mL wlolagH ) o
3 B E s oF st RAEF LY FHANEE
EFEE 0.0006440]90 3, 02 mL# 1 mL who] 2855 ¢
FARHA Ao BEFTIT 95% ANFFFo)A 0.008 mLe}
0.006 mLo| 22 EFEIEE 0.004 mL3} 0.003 mLo] X
AHETESEE 0.02mL7 0.000789 mLolYith I3 2
Z STD,Y FAANELES = HPEF LY B3
0.02, 02mL% 3.8 mL 9] EZx= 0.02, 0.000789<] =
F54 AF2<2L 0.02001501 4T}

STDe S8 B8EE STD, B8X9 04mLH}
36mLe mlolmzMAe] B8 E F# st T3
04mL wlo]Z2usle] FFEHEE 0.004 mLo|AT Aol
EZEETE 001 mLolit) 38, 3.6 mL nlol a2 ¢]
EFEIEE 0,003 mLo)T AHEFEIEE 0.000833 mL
olith 2HEE STD, % T NETES == STD, 2
2% 0.0200159 0.01, 0.0008332] AFge AF2<l
0.022399°] it}

STD,,, &9 BEEE STD,,, S8 239 1 mL
vlo]l A2 9] 28] Aol e B E sl 73}
Atk STD,] B8 0.022399°10E 1 mL mlo]|AE
e E8x= STDOIA dFd %ol E288= 4
QEFEEE7} 242} 0.003 mLo)RAth 2322 STD,9)
E3== 0.022399, 0.0015, 0.00152] AFEY AFZoE
0.022499°] 1t}

STD,,, &4 E¥EE STD,, §42 B3=9 L6 mL
3 24mLe] vlo|ART ] EFEE Tt A&
t}. 1.6 mL mlo]A R EFEFZTE 0.003 mLolUL
AN EZESEE 0.001875 mLollth 2.4 mL wlo]A 29
Ho FFEIFEZE 0.003mLoIRE FUNEFEHEE
0.00125 mLo| 2t} 28 EE STD,,,o A dHRFES
EE STD,,¢ 8= 0.022499%} 0.001875, 0.001259]
AFge] AF2Y 0.0226120]3A T}

STD, = STD, & 8-& 2mL # 3t acetonitrile 2 mLE
A 3le] A STD,, €99 E8=+ STD,0 &
%9} 2 mL vlo]lZ 2 9] 28] ARl OIS BEEEE
Attt 2 mL wle|F 2939 PHRFEFEE 0.003 mL
oA AHEZEZHEE 0.00159131th STD,8H &
g 2mL volaZNI e E8%< 000159 AF3L,
STD, &9 E8x2l 0.0226129] AFehg st A
< 73 3 0.0227110]91 )

STD, &% §A9 B3 STD,, €99 ESdx=9}
0.8 mL7} 32mLe] vlolazwsel BERgE st 7
A 0.8 mL vio| 22T EFESEE (.004 mLo)
AT AREFEIEE 0.005 mLeIATh 32 mL vlo]AZ2
93] FFEIEE 0.003mLolRTY ANEFESEE
0.000937 mLelith. 13 E2 STD, o F44HEEES
E¥E STD, 2 B&x=<l 0.022711¢}F 0.005, 0.000937¢] A|
S8 AF22 0.02327401%

7171 £ 28

HPLCE °] &3l A|RE 63] vHE £4]%
2 3137.92019 3 AHEFHI}E 0
EFQAE A2 RFEEEE FFUAE V622 Wi
7 0013628013, HHNEZFES=E FFEHEE FHo
HAZEo 2 UE 4343014 x 10| A T}

AP Wy BYE

Al NlAAYe 24 AAge) FLP BHE 29
o] gtk AWHOE, A S FEAA 33 ol W =
B8 AFe] WG olgste] 4P YAAFULE A
ARt ARAY BIE BB NS £348 WA 294
& thesh g,

4=B,+B,xC, )

12k FAANA Ce EHA &S] AL 4, B
%, AWl B AE FANEE, 71€7] B2 AT
BN BAYHY WAEE ojugt

AL 20, 100, 200, 500, 1000 ng/mLe] EFENE
747} 634 WHE EA st ARt 2 AR FRAS
(PE 09999, 712 71(B)e 19.2227, y EH(B,)< -3.1010
olth. Fe}t #hAael FA| 5] 200 ugke 500 pgkes
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A7rste 4% T AA4E AP et AL F
= F5UA AS 163.8 ugkgd 4352 ugkg, SH 7
194.3 ug/kg¥ 453.2 pg/kgol Atk AF HAAFHO=Z
A Aol g B8 o o 4 (10~(12)F
o] gt ALSH T ¥ FFEITE ARA
12.546730 ng/g3}+ 11.160260 ng/g, =FH A 12.117614 ng/g
Z 11. 280200 ng/gelN . = ¥ ANFEEd = AW
AA 0.076598 ng/g} 0.025642 ng/g, ZFANA 0.062375 ng/
g7 0.024895 ng/go1 T}

_ (Co=Cy
u(CO)—F1 ]—)+n+ 5 (10)

27 14,-(By+ B C)P
s=-L — (11)

o % rlo
o i

—\n _P
ijl[cj C] (12)

p : Number of measurement to determine

n : Number of measurements for the calibration

C,: Concentration of deoxynivalenol in the extraction
solution

C :Mean value of the different calibration standards

;- Index for the number of calibration standard

;+Index for the number of measurements to obtain the
calibration curve

HF NS Rojo] 2H%

HE NEEY 1mLe 1 ml vlo]| A2 & o] &3 o
22 1mlL vtela22 9309 IQAHHA de] B (95%
A= FE)7E 0.00801U0L EFEESEE 0.004 mLo]) S
ANEFEZEE value(l mL)E Vo] &zl 0.004

AW FAIEA 200 pgkgS A7 AEL 63 WHE

43 A2 163.8 pg/kgelUL FAIEC H7FgE ol
A ABzre] M-S W g (36.17)S LR Yol ¥ 3
T 3 FFEIFEE 20881781010 ANEFEE
TE 0.12745801%1 T} 63] uHE 43t AL &
2 0.81920] 7 AT ZHE V6o 2 Uiro] wtE =X
o] BT 00112138 3195 FNEFEEEE 0.013688
9:11;], ] = A}q]ﬁzﬂpj-r:_4 x.]]_a_-dl-_,] ;q]_l_:z.o] 6’]—)\-])\]-

NEFESEE 0128191019 559 FA 5 500 pg/
keS H7HsH AEE 63 WHE A3 AIRL 4352 ug/
kgolA3L FA R H71et ol Azghel Hae W g
(64.78)% 302 o] g §4’“ °°ﬂ W FEESE
£ 374012860192 HHEFESFEE 0.085936° AT 6
3 e SAst 42 e %AP— 08704°l¢ o) B &
HAE V6o 2 o] whE 24 9) B3% 0.0055758 T
9 AHEEEFEE 0.0064049 T ©] F ANEFE
3w o] A3 A2 FAFNEZEITEE 0.086175

o] Att.

ZH o] ZAF 200 ugkgs H M A¥ L 63 whE =
A3 AAghe 19427 pgkgol AL FAFol H7Fe Foll A
AFES] S W ZHE.73)E V3OE o] dL 35
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Table 4. Values and uncertainties for deoxynivalenol analysis by HPLC

Dried noodle Ramyeon
Parameter

200 500 200 500
Concentration (ug/kg) 163.8 435.2 194.3 453.2
Combined uncertainty 26.1 45.8 16.5 455
Relative standard uncertainty 0.16 0.11 0.08 0.10
Expanded uncertainty (k = 2, 95% confidence level) 52.1 91.6 33.0 91.1
Uncertainty / Result (%)" 31.8 21.0 17.0 20.1

YEU recommended that the acceptable value of uncertainty in the concentration of 1 mg/kg and < 100 ug/kg were 32% and 44%,

respectively'®.
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Fig. 2. Uncertainties histogram of the HPLC method for deoxynivalenol in noodles at 200 and 500 pg/kg levels.
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